Multiple pathways of N-kinase activation in PC12 cells.
Past work established a cell-free assay for a nerve growth factor (NGF)-activated protein kinase activity (designated N-kinase) that utilizes tyrosine hydroxylase and histone H1 as substrates and that is distinct from a variety of well-characterized kinases. This study explores the specificity and mechanistic pathway(s) by which N-kinase activity is regulated in PC12 rat pheochromocytoma cells. N-kinase is rapidly activated in these cells by treatment with NGF, epidermal growth factor (EGF), basic fibroblast growth factor (bFGF), phorbol ester, or dibutyryl cyclic AMP. Our data indicate that the stimulated activity is the same for each agent by several criteria: It exhibits the same characteristic biphasic elution pattern by Mono S fast protein liquid chromatography (FPLC), except for the case of dibutyryl cyclic AMP in which one of the activity peaks is somewhat shifted; it shows the same elution pattern by FPLC on a Superose 12 column; it possesses identical substrate specificity; and, except in the case of dibutyryl cyclic AMP, it does not show additivity when each agent is added simultaneously with NGF. The multiple forms of N-kinase are interconvertible in that rechromatography on a Mono S column yields a single peak of activity. Also, when NGF and dibutyryl cyclic AMP are simultaneously presented to cells, the chromatographic profile resembles that with NGF alone. Activation occurs through several independent initial pathways. Down-regulation of protein kinase C by phorbol ester pretreatment prevents N-kinase activation by phorbol ester, but not by the other agents. A PC12 cell-derived line deficient in cyclic AMP-dependent protein kinase II activity exhibits N-kinase activation by all treatments except dibutyryl cyclic AMP. The properties of N-kinase suggests that it is similar or identical to the ribosomal S6 protein kinase described by Blenis and Erikson. Additional experiments revealed that N-kinase activity can be stimulated in several cell lines in addition to PC12 cells. These findings indicate that the N-kinase can be activated via multiple second-messenger pathways and that it could therefore potentially play a significant role in mediating shared intracellular responses to various extracellular signals.